Triterpene glycosides isolated from holothurians are natural products known to possess cytotoxic properties against cancer cells. However, their anticancer prophylactic activity has not been studied sufficiently. The anticancer prophylactic, cytotoxic, and pro-apoptotic properties of 18 triterpene glycosides, as well as their effects on the transcriptional activities of activator protein-1 (AP-1) and nuclear factor-B (NF-B), were examined using methods that included EGF-induced JB6 Cl41 P + cell transformation in soft agar, flow cytometry, MTS assessment of cell viability, and a luciferase activity assay. The compounds inhibited EGF-induced neoplastic JB6 Cl41 P + cell transformation in soft agar and caused apoptosis and necrosis of human HL-60 and THP-1 leukemia cells. AP-1 and NF-B were involved in the cellular response to the treatment by the compounds. Conclusion: glycosides isolated from holothurians of Cucumariidae, Stichopodidae, Psolidae, Holothuriidae and Synaptidae families have potential for development as new antitumor agents and as instruments to study AP-1 and NF-B.
Holothurians or sea cucumbers are traditionally used in Chinese medicine. These invertebrate animals contain large amounts of triterpene glycosides, which possess a wide spectrum of biological activities, including anticancer activity. The glycosides readily dissolve in water and demonstrate cytotoxic activity against various kinds of cancer cells at doses ranging from several ng to several µg per mL. However, the anticancer prophylactic activity of triterpene glycosides has not been studied sufficiently [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . We have examined the anticancer prophylactic and cytotoxic activities, including details of mechanism of action and structure-activity relationships (SAR), of 18 triterpene glycosides isolated from holothurians of the Cucumariidae, Stichopodidae, Psolidae, Holothuriidae and Synaptidae families.
The anticancer prophylactic effects of frondoside А (FrA (1)) from Cucumaria frondosa [13] , cucumarioside А 2 -2 (2) from C. japonica [14] , stichoposide С [15] and D [16] (STC (3) and STD (4)) from Stichopus chloronotus, and psolusoside А (PSA (5)) from Psolus fabricii [17] were studied using an anchorage-independent transformation assay and JB6 Cl41 P + cells, which were activated with the tumor promoters, epidermal growth factor (EGF, 10 ng/mL; Figure 1 Results showed that all the glycosides studied possess anticancer prophylactic activity, which was dependent on the concentration of glycosides, as well as their chemical structure. When comparing the structures of FrA (1) and A 2 -2 (2) [13, 14] , isolated from holothurians of the family Cucumariidae, the more active FrA (its active anticancer prophylactic concentration (INCC 50 ) = 591.9 nM) differed from the less active A 2 -2 (INCC 50 = 861.1 nM) both by aglycone and carbohydrate moiety. The differences between FrA (1) and А 2 -2 (2) are as follows: 1) the absence of the  25,26 double bond in 1; 2) the presence of the OAc group (in 1) or keto-group (in 2) at С-16; and 3) the third monosaccharide unit is a xylose (in 1) or a glucose (in 2). When comparing another two glycosides, STC (3) and STD (4) [15, 16] , isolated from Stichopus chloronotus (family Stichopodidae), the more active STC (INCC 50 = 73.6 nM) obviously differs from the less active STD (INCC 50 = 300.3 nM) just by the presence of a quinovose residue in the carbohydrate moiety of 3 instead of a glucose residue in the same position in 4. The fifth glycoside studied, psolusoside А (PSA (5)), isolated from a cucumber of the family Psolidae, showed an INCC 50 of 358.6 nM.
When comparing the anticancer prophylactic activity of the glycosides with their cytotoxic activity against JB6 Cl41 P + cells (Table 1) , one could conclude that all five glycosides studied demonstrate anticancer prophylactic activity at non-cytotoxic concentrations. In particular, FrA (1) and A 2 -2 (2) are notable because their active anticancer prophylactic concentrations (INCC 50 ) are 7 and 4 times lower, respectively, than their cytotoxicity (IC 50 ).
Two out of the five glycosides, FrA (1) and STD (4), were also studied for their effect on neoplastic transformation of JB6 Cl41 P + cells, induced by the tumor promoting phorbol ester, ТРА. In these experiments, FrA and STD inhibited ТРА-induced transformation of JB6 Cl41 P + cells by 100% at an INCC 100 of 300 nM. Therefore, the anticancer prophylactic activity of triterpene glycosides depends not only on their structure and concentration, but also on the nature of the tumor promoter. The cytotoxic activity against JB6 Cl41 P + and human cancer HeLa and HL-60 cells was studied for glycosides 1-18, isolated from holothurians of the Cucumariidae, Stichopodidae, Psolidae, Holothuriidae and Synaptidae families. Results are shown in Table 1 . The general conclusions regarding the structure-activity relationships (SAR) of these glycosides based on the experimental data are: 1) the anticancer prophylactic and cytotoxic activities of glycosides increase when the second monosaccharide residue (glucose) is substituted by the residue of quinovose; for example, the activity of STC (3) > STD (4) [15, 16] ; 2) the quantity and positions of sulfate groups affect the cytotoxic activity of the glycosides as follows: di-and tri-sulfated compounds are more potent cytotoxins than monosulfated ones; for example, the activity decreases in series A 7 -1 (10) [18] > A 6 -2 (9) [19] > A 2 -2 (2) > A 2 -2DS (6) [14] ; and also OkhB 2 (12) or OkhB 3 (13) > OkhB 1 (11) We studied the effect of three of the five glycosides, (FrA (1), STD (4) and PSA (5)), which had the most potent cancer preventive activity, on EGF-and UVB-induced transcriptional activity of the oncogenic АР-1 transcription factor. The experimental data revealed that two of the three glycosides studied, FrA (1) and STD (4), at concentrations corresponding with that at which they showed anticancer prophylactic activity, inhibited the transcriptional activity of the АР-1 nuclear transcription factor. FrA
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Natural Product Communications Vol. 11 (9) 2016 1241 (1) at concentrations of 500-800 nM inhibited EGF-induced transcriptional activity of АР-1 at 34-51%, respectively, and STD (4), at a concentration of 300 nM, inhibited AP-1 activity by 57% ( Figure 4А) . Similarly, 500 nM FrA (1) and 250 nM STD (4) inhibited UVB-induced transcriptional activity of АР-1 by 41% and 45%, respectively ( Figure 4B ). In contrast, PSA (5) had no effect up to 500 nM ( Figure 4А, B) . Similar studies were conducted to examine the effect of FrA (1), STD (4), and PSA (5) on EGF-and UVB-induced transcriptional activity of the oncogenic NF-B nuclear transcription factor. Therefore, we studied the glycosides 1-18 in both low, noncytotoxic and high, cytotoxic doses. It should be noted that in this case the glycosides studied may induce in cancer cells both apoptosis and necrosis. It is known that some anticancer drugs now in use in medical practice induce necrosis in their action against cancer cells in therapeutic doses. For example, the mechanism of action of the anticancer drug combretastatin A4 includes extensive ischemic necrosis of the tumor cells [23, 24] . Moreover, Reunov and co-authors [25] and Menchinskaya and co-authors [26] , in experiments with cucumarioside A 2 -2 destroying Ehrlich ascites carcinoma (EAC) cells at noncytotoxic concentration of 1 M, detected an increased number of cancer cells destroyed by apoptosis, necrosis and even by combined cellular destruction, including necrosis and apoptosis, so-called "apoptotic necrosis", which is one of the possible variants of cell death [27] .
We conclude that the anticancer prophylactic and cytotoxic activities of triterpene glycosides isolated from holothurians can be explained, at least partially, by the induction of early and late apoptosis and necrosis in transformed or cancer cells and by inhibition of oncogenic АР-1 and NF-B transcriptional activities.
The glycosides studied could be used as АР-1 and NF-B inhibitors and also as substances to stimulate apoptosis of human cancer cells [28] .
Apoptosis assay using flow cytometry:
The onset of early and late apoptosis was analyzed by flow cytometry using Annexin V-FITC and propidium iodide (PI) double staining. Either HL-60 or THP-1 cells (110 6 /10 cm dish in 10% FBS/RPMI) were treated with various concentrations of a glycoside for 24 h. After incubation, cells were washed with PBS by centrifugation at 1,000 rpm (170 rcf) for 5 min, and processed for detection of apoptosis using Annexin V-FITC and PI staining according to the manufacturer's protocol.
Luciferase assay for nuclear factor -dependent transcriptional activity:
The effect of a glycoside on nuclear factor-dependent transcriptional activity was investigated in JB6 Cl41 cells stably expressing a luciferase reporter gene controlled by either an AP-1 or NF-B DNA binding sequence, as described elsewhere [29] .
